ABSTRACT This paper describes the acquisition and analysis of imaging data for the identification of galaxies associated with z ∼ 4 damped Lyα systems. We present deep BRI images of three fields known to contain four z ∼ 4 damped systems. We discuss the reduction and calibration of the data, detail the color criteria used to identify z ∼ 4 galaxies, and present a photometric redshift analysis to complement the color selection. We have found no galaxy candidates closer to the QSO than 7 ′′ which could be responsible for the damped Lyα systems. Assuming that at least one of the galaxies is not directly beneath the QSO, we set an upper limit on this damped Lyα system of L < L * LBG /4. Finally, we have established a web site to release these imaging data to the public
introduction
In this era of large telescopes, it is almost routine to identify galaxies at high redshift. Deep narrow band imaging (e.g. Hu et al. 1998 ) and the Lyman break technique (Steidel & Hamilton 1993) , among other approaches, have led to the discovery of over 1000 z > 2 galaxies where just 10 years ago only a handful were known. Unfortunately, because these techniques are magnitude limited, they are primarily sensitive to the high luminosity tail of the protogalactic distribution. For example, the Lyman break galaxies exhibit a two-point correlation function which suggests they are massive galaxies associated with significant large-scale structures (Adelberger et al. 1998 ) that will evolve into the most massive galaxies today. To study the formation of typical galaxies, therefore, one must circumvent this luminosity selection.
Even before the recent outburst of high redshift galaxy identifications, researchers had already discovered a significant population of high z protogalaxies in absorption: the damped Lyα systems (e.g. Wolfe et al. 1986 ). Because the selection of these galaxies is based on H I gas cross-section, they are predicted to sample the bulk of the galactic mass distribution (Kauffmann 1996) and therefore provide a broader picture of galaxy formation in the early universe. Attempts to identify in emission the galaxies which give rise to damped systems, however, have met with limited success. Djorgovski and collaborators (Djorgovski et al. 1996; Djorgovski 1997) have made a few discoveries, but their success rate is uncertain. More recently, Warren et al. (2001) have analysed deep HST images of fields around quasars known to exhibit damped Lyα sys-tems and have identified small, relatively faint galaxies close to the quasar claimed to be the damped Lyα systems. In both of these cases, the surveys have focused on galactic candidates within a few arcseconds of the background quasar. Although this is an important aspect of damped Lyα research, there are unique advantages to extending the galaxy surveys to a much larger area. In particular, one can estimate the mass of the damped systems -and therefore the bulk of the high z protogalactic population -by measuring their clustering properties .
This paper describes the observational and analysis techniques we have implemented to select high redshift galaxy candidates in deep BRI images of three fields containing four known damped Lyα systems. It marks the first step in an observing program designed to search in emission for the galaxies giving rise to or clustered with damped Lyα systems at high redshift. The present observations focus on fields with known z abs ∼ 4 damped Lyα systems, i.e. the galaxies associated with these systems will be B-band dropouts. While follow-up observations of z ∼ 4 galaxies are considerably more difficult than at z ∼ 3 (Steidel et al. 1999) , we have been limited by the absence of a U -band imager at the Keck Observatories. Table 1 lists the known properties of the four damped Lyα systems from the three quasar fields described in this paper. Each system exhibits a neutral hydrogen column density which exceeds the statistical survey threshold (N (HI) = 2 × 10 20 cm −2 ) established by Wolfe et al. (1986) . For two of the quasars we have obtained high resolution spectroscopy (Prochaska & Wolfe 1999 Prochaska et al. 2001 ) with HIRES (Vogt et al. 1994 ) on the Keck I telescope and have measured their [Fe/H] metallicity. The damped system toward PSS1443+27 is remarkable for exhibiting by far the highest metallicity of any z > 3 damped Lyα system to date while the z = 4.20 system toward BR0951−04 has among the lowest metallicity.
First results on one of these fields (BR0951−04) have been presented elsewhere ) and a companion paper (Gawiser et al. 2002, Paper II) describes the reduction and analysis of the multi-slit spectroscopy of all three fields. In § 2 we discuss the imag-1 2 Galaxies Associated with z ∼ 4 Damped Lyα Systems I. (2000); Prochaska et al. (2001) ing observations and reduction process, the photometric calibration is described in § 3, we present the photometry and astrometry for all detected objects in § 4, § 5 presents the results, and § 6 gives a brief summary. Unless otherwise noted, all magnitudes have been placed on the AB 95 scale by offsetting Johnson-Cousins magnitudes: B AB = B JC − 0.11; R AB = R JC + 0.20; I AB = I JC + 0.45 (Fukugita et al. 1996) .
2. observations and data reduction For this initial study, the specific goal of the imaging program was to acquire deep enough BRI images to identify all B-band dropouts (B − R > 2) bright enough to obtain follow-up spectroscopy with LRIS (Oke et al. 1994) at the Keck observatory (i.e. I < 25). Table 2 provides a journal of our imaging observations taken over the course of two nights in early 1999 with LRIS on the Keck II telescope. Conditions on both nights were photometric. The Tektronix 2048x2048 CCD (0.213 ′′ /pixel) was read out in dual-amp mode with a read-out noise of 7 e − and a gain of ≈ 1.9 e − /DN. We dithered by ≈ 20 ′′ between each exposure to minimize the effects of bad pixels and to enable the construction of a super-skyflat from the unregistered images. This reduced the effective field of view by ≈ 1 ′ in each dimension providing 30 − 35 ′ of coverage at full exposure for each field.
We reduced the data following standard techniques. To produce a super-skyflat for each filter for each night from the unregistered images we: (1) Overscan subtracted each image with an IRAF task specifically designed to account for the dual-amp readout; (2) Masked the frames to remove bad pixels and extended bright objects; (3) Scaled each image by the median of the left-hand side and then implemented the IRAF task combine to median the images using the rejection algorithm ccdclip with 3σ thresholds; and (4) Normalized the super-skyflat for each filter by dividing by the median sky level of the left-hand side of each frame. The resulting super-skyflats account for both variations in the pixel to pixel response and the illumination pattern of the sky in each filter. In general, this approach is more advantageous than twilight or dome flats because it genuinely reproduces the color and illumination pattern of the sky. The final flattened images are uniform to better than 1% except for the PSS1443+27 field which exhibits a modest gradient from corner to corner in the B and R images.
The final stacked images were produced by subtracting the overscan and flattening each object image with the appropriate super-sky flat. We then measured integer offsets 6 by cross-correlating ≈ 500 objects identified by the software package SExtractor. Finally, we combined the registered images of each field with an in-house package similar to the IRAF task COMBINE which weights each image by the measured variance, scales each image by exposure time, and produces a sigma image based on Poissonian statistics. The resultant images were then trimmed by a few rows and columns to register the BRI frames. We present the images in Plates 1-3. In the following analysis we focus on the regions which received full exposure, but we also acquired spectra of a few candidates which fell outside. In the R images, the objects identified as B dropout candidates are marked with black circles, the quasar is marked with a large black square, and the smaller squares mark the objects with follow-up spectroscopy (Paper II). These reduced images are publicly available at http://kingpin.ucsd.edu/∼dlaimg. 3. photometric calibration During each of the two nights we observed a set of Landolt (1992) standard stars in BRI to establish a photometric calibration. We processed the photometric frames in the same manner as the object frames and performed aperture photometry with the IRAF task PHOT. For the photometric solution, we adopted 7 ′′ radius apertures which matches the typical aperture employed by Landolt (1992) . Finally, we performed a three parameter fit to each night's photometric data with the IRAF task FITPARAMS to solve:
where x 1 is the zero-point magnitude on a scale where 25mag yields 1 DN/s, x 2 is the airmass term and x 3 is the color coefficient. The color term (clr) refers to (B − R) JC for the B and R solutions and (R−I) JC for the I measurements. Table 3 presents the best fit and errors on each parameter and all of these values are on the Johnson-Cousins Because the observations of BR0951−04 and PSS0132+13 were taken at an airmass similar to the standard stars, small errors in the adopted airmass term will imply small errors in the derived magnitudes. A similar approach was adopted for night 2 where owing to a competing program only two standard star fields were observed. In this case, the two standard fields were observed at significantly different airmass. This enabled a reasonable fit in the airmass terms yet the covariance in x 1 and x 2 was still large enough to motivate us to adopt the best fit airmass term and fit separately for the zero-point. a To lift the covariance between x 1 and x 2 , we chose to adopt a value for x 2 based on our experience or the best fit value from that night.
Note. -All of these values are on the Johnson-Cousins magnitude scale (Bessel 1983 ).
The final values assumed throughout the following analysis are listed in Table 3 . Note the relatively large (R − I) JC color term derived for both nights. We expect this term arises because of the non-standard transmission function of the LRIS I filter. For most of the objects |R − I| < 2, however, and the color correction is not large. Comparing the two photometric solutions, we find the zero-point values for night 2 are systematically ≈ 0.1 mag higher than for night 1. We expect the difference is the result of mild extinction (e.g. thin cirrus clouds) on night 2. In any case, the offset does not have a large effect on our analysis. Finally, we accounted for Galactic extinction by adopting E(B − V ) values for each science field taken from Schlegel et al. (1998) as measured from far-IR dust emission maps: E(B − V ) = 0.06 for PSS0132+13, E(B − V ) = 0.04 for BR0951−04, and E(B − V ) = 0.03 for PSS1443+27. We assumed a standard Galactic extinction curve with R V ≡ A(V )/E(B − V ) = 3.1 and applied a correction to the zero-point magnitudes accordingly.
Columns 6 and 7 of Table 2 give the 1σ surface brightness limit (SB 1σ ; mag/ ′′ ) and a 3σ surface brightness limit per seeing FHWM 2 in each filter on the AB scale for every field assuming no Galactic extinction. We estimated these limits by measuring the rms fluctuations in the sky brightness at several positions where no significant object is discernible. Examining the values in Table 2 , one notes we achieved a detection limit of I AB < 25.5 at 5σ for an unresolved object and are sensitive to (B − R) AB > 2 for an object with R AB = 26 mag.
photometry and astrometry
The principal goal of this paper is to pre-select candidates at redshifts near z abs of the damped Lyα systems. We have chosen to survey z ∼ 4 damped Lyα systems, therefore these galaxies will be significant B-dropouts. Because our imaging is more sensitive in R than I, we first identified all candidates in the R images with the software package SExtractor (v. 2.0.19). After experimenting with a negative image of BR0951−04, we determined that a 1.1σ threshold and 6 pixel minimum area provided the largest number of candidates while minimizing spurious detections. For each field we created a SEGMEN-TATION map with SExtractor which identifies all of the significant object pixels in the image. We then used an in-house code to derive the magnitude and error of each object. The routine estimates the underlying sky flux by taking the biweight (Beers et al. 1990 ) of the sky in a circular annulus around each object containing at least 1000 pixels not flagged in the SEGMENTATION map. The errors in the magnitude measurements are derived from 4 Galaxies Associated with z ∼ 4 Damped Lyα Systems I. a Objects with fluxes < 3sigma sky have reported upper limits equal to the maximum of the flux+1σ sky and 1σ sky (see §4). These objects have the error in the magnitude set to 9.99 b Best fit template to the photometry data. 1=Elliptical, 2=Sab, 3=Scd, 4=Irr, 5=SB1, 6=SB2, 7=QSO, >7=Stars c Fraction of the integrated likelihood function within 0.2 of z phot d Fraction of the integrated likelihood function within the interval z = 3.5 to 4.5.
Note. -The complete version of this table is in the electronic edition of the Journal. The printed edition contains only a sample. a Objects with fluxes < 3sigma sky have reported upper limits equal to the maximum of the flux+1σ sky and 1σ sky (see §4). These objects have the error in the magnitude set to 9.99 b Best fit template to the photometry data. 1=Elliptical, 2=Sab, 3=Scd, 4=Irr, 5=SB1, 6=SB2, 7=QSO, >7=Stars c Fraction of the integrated likelihood function within 0.2 of z phot d Fraction of the integrated likelihood function within the interval z = 3.5 to 4.5.
Note. -The complete version of this table is in the electronic edition of the Journal. The printed edition contains only a sample.
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Galaxies Associated with z ∼ 4 Damped Lyα Systems I. a Objects with fluxes < 3sigma sky have reported upper limits equal to the maximum of the flux+1σ sky and 1σ sky (see §4). These objects have the error in the magnitude set to 9.99 b Best fit template to the photometry data. 1=Elliptical, 2=Sab, 3=Scd, 4=Irr, 5=SB1, 6=SB2, 7=QSO, >7=Stars variance in the sky and object flux, and the uncertainty in the photometric calibration. The latter effect is a systematic error which aside from the color term is applied in the same way to every object. Magnitude measurements were repeated for the B and I filters restricting the apertures to the same set of pixels identified in the R image. We determined that the seeing was sufficiently close between the various filters that a more sophisticated analysis was unwarranted. Many objects of interest are either weakly detected or undetected in the B images. If these objects are bright enough for spectroscopy, they are essentially guaranteed to meet our (B − R) AB > 2 criterion. We are concerned primarily with the possibility of false positives, where these weakly detected objects are actually brighter than they appear due to a negative sky noise fluctuation and do not truly meet the B − R criterion. Therefore, if the object flux is measured at < 3σ above the sky flux, we obtain a 1σ upper limit to the object flux by increasing its value by 1σ sky when the object flux is positive or simply setting it to 1σ sky when the object flux is negative. Finally, we estimated a corrected I magnitude for each object using the MAG ISOCOR routine in the SExtractor package. These corrected magnitudes were used to define our spectroscopic sample of I AB < 25.5. Finally, we performed accurate astrometry on each of our science fields to facilitate slit mask design. We implemented the coordinates routine 7 kindly provided by J. Cohen to convert our LRIS (x, y) pixel-coordinates to astrometric positions. We also identified stars from the USNO and HST Guide star 7 ftp://ftp.astro.caltech.edu/pub/palomar/coordinates/coordinates.doc catalogs in our images to determine a zero point in RA and DEC. An optimal USNO/HST star list had to be derived taking into account centroid inaccuracies of saturated stars and regions of distortion inherent to LRIS. The instrument's true position angle relative to the sky was obtained using the companion routine pa check. The position angles for PSS0132+1341, BR0951-0450, and PSS1443+2724 were found to be 180.0±0.46, 180.1±0.25, and 88.6±0.56 degrees respectively. We estimate the error in the reported astrometric positions to be ≈ 1.0 ′′ . Tables 4-6 summarize the photometry and astrometry of all of the objects detected in at least one filter for the three fields. Columns 1−4 list the object positions: xpixel, y-pixel, RA, DEC. Columns 5-10 the BRI magnitudes and 1σ errors, Finally, column 11 provides the most likely photometric redshift, column 12 lists the best fit template, column 13 presents the confidence level for a ∆z = 0.2 interval centered at the most-likely redshift ( § 5.3), and column 14 gives the probability that the object has z ǫ [3.5, 4.5].
results

Number Counts
We performed a number count analysis 8 to provide a consistency check on our photometric calibration and analysis. We identified objects in each filter separately with the same approach used to select objects in R for the B dropout analysis described in § 4, i.e. the SExtractor package 8 Galaxies Associated with z ∼ 4 Damped Lyα Systems I. The figure shows that only galaxies with z > 3.5 lie within the selection region defined by the dashed lines; the first symbol within the selection region corresponds to z = 4 for all templates. Therefore, this two color cut is an efficient means of pre-selecting high redshift galaxies.
implemented with a 1.1σ threshold and 6 pixel minimum area. We then measured isophotal and 1.5
′′ diameter aperture magnitudes for each object and adopted the brighter of the two. Note that these magnitudes may still underestimate the true magnitude as we have not considered isophotal or aperture corrections. We did not apply a color correction to any of the objects, but we did include the effects of Galactic extinction and airmass. Finally, we removed all objects with magnitude brighter than 22 which were identified by the SExtractor package as a star (i.e. CLASS STAR > 0.8). There may be a small but important stellar contribution to the counts in the magnitude 22 − 22.5 bin, particularly in the B filter. Figure 4 presents the counts for the BRI filters in each field and for the combined fields. These are raw counts only; no corrections for incompleteness have been applied. The magnitudes are on the AB scale, the error bars assume √ N fluctuations and the bin size is 0.5 mag. While there is some variation from field to field, the differences are generally small. In panel (d) we plot the counts derived by combining the fields. To crudely account for incompleteness, we conservatively truncated the counts in each filter at the magnitude level where there is a significant 'turn over' (e.g. I ≈ 25.5 for PSS1443+25). We find that this criterion corresponds to ≈ 1 mag brighter than the 3σSB limits presented in Table 2 , i.e. our true completeness limit for z ∼ 4 galaxies is ≈ 1 mag brighter than these SB 3σ F W HM values. Examining this panel, we observe results similar to those described by other number count studies (e.g. Steidel & Hamilton 1993; Smail et al. 1995) . In particular, the B counts exhibit the steepest rise at 22 − 25 mag with evidence for a flattening at fainter magnitudes. This bend in the slope is independent of completeness corrections because it occurs well above our detection limit. Meanwhile, the R and I slopes are nearly constant to the completeness limit. We note that the absolute scale of the number counts is lower than the Smail et al. (1995) results and expect the difference is due to the exact assumptions for apertures and corrected magnitudes. In summary, the number count data lend confidence to our photometric calibration and analysis. Steidel et al. (1999) were the first to demonstrate that one can efficiently pre-select z ∼ 4 star-forming galaxies with broad band images. The approach is to design a set of color criteria which keys on the sharp flux decrement at the λ ∼ (1 + z) × 912Å Lyman break while also considering the substantial flux decrement due to absorption by intergalactic neutral hydrogen. The approach is well described by Figure 5 where we plot (B − R) AB vs. (R − I) AB colors for six galactic templates and one QSO template (see Yahata et al. 2000) adopting the quantum efficiencies of LRIS on the Keck telescope 9 . The colored lines trace the evolutionary tracks of each template as they are K-corrected from z = 0 to 5 and the points mark each ∆z = 0.5 interval. The dashed line demarcates the region of color-color space defining our selection criteria designed to include galaxies and the quasar with z > 3.5 while minimizing the number of contaminating galaxies:
Two-color Analysis
These criteria follow the constraints imposed by Steidel et al. (1999) but were modified to account for our specific filter set. The large B − R color criterion reflects the flux decrement due to the Lyman break and the Lyα absorption from intergalactic HI gas. In short, Figure 5 demonstrates that by restricting the objects to the upper left-hand corner of this color-color diagram we are sensitive to all galaxy types in the interval 3.5 < z < 4.5 except those with rest-frame UV properties similar to Sab galaxies (i.e. galaxies with minimal ongoing star formation). Figure 6 presents the color-color diagrams for all of the objects in the full exposure analysis regions of the three fields. As discussed in § 4, we selected objects and isophotal apertures in the R-band and then measured the BRI magnitudes. In Figure 6 we have limited the objects to I AB < 25.5 which corresponds to an (ambitious) intrinsic spectroscopic limit set by a 2 hr integration time with LRIS on the Keck telescope. The dark blue points indicate objects which satisfy the color criteria, the red objects have a measured magnitude limit (typically in B) and might satisfy the criteria, and the green points are excluded from the selection region. In the case where we measure only a limit for a given color, we plot the point as an arrow. We visually inspected all candidate galaxies in our images and rejected roughly half of the initial candidates for having flawed photometry. The rejected candidates were typically near bright extended objects, satellite trails, or the borders of the images. It is no surprise that such a high fraction of the initial candidates had flawed photometry, as the color selection region is sparsely populated and therefore the small fraction of low-redshift galaxies scattered into the color selection region by photometric errors can easily comprise a large fraction of the candidates. Only a small fraction of the true high-redshift galaxies should be rejected during this step, although some of them may scatter out of the selection region due to photometric errors or unusual intrinsic colors. Bright (I< 23) objects with clearly non-stellar morphology were rejected as low-redshift interlopers, but bright stellar objects were retained in case they were new quasars or lensing-magnified LBGs; most LBGs will look similar to point sources at the resolution of our images. The squares identify those candidates which were selected for follow-up multi-slit spectroscopy (see Paper II). For each field, ∼ 30 − 40 objects lie within the selection region and an additional ∼ 10 limits are consistent with the region. One can reliably construct a mask with 15−20 slits covering roughly half of the LRIS imaging field. Because some candidates conflict with others (particularly in the BR0951−04 field), we had the freedom to choose ≈ 5 objects per mask which lie outside the selection region. The majority of these were chosen according to their photometric redshift. This explains why some objects in Figures 1-3 are marked as spectroscopic targets but not color dropouts.
Photometric Redshifts
Implementing the procedures introduced by Lanzetta et al. (1996) and Yahata et al. (2000) , we have calculated photometric redshift likelihood functions for each object. The photometric redshift method accounts for the individual photometric uncertainties in the B, R, and I fluxes of each object and compares the object fluxes with a set of template spectra rather than a single two-color region. We adopted 6 galactic templates (elliptical, Sab, Scd, irregular, a reddened starburst, and an unreddened starburst), 1 quasar template, and ∼100 stellar templates with spectral type varying from O to M. We then stepped the nonstellar templates in 0.01 redshift intervals from z = 0 to 7, identified the best fit template for each redshift, and recorded its χ 2 . Finally, we calculated the likelihood of the best fit template at each redshift interval to determine the most likely z phot value. As we are limited to only 3 filters per field, the confidence with which we can attribute a single redshift to a given object is often poor. For example, an object with BRI magnitudes consistent with a z = 0.5 elliptical galaxy is also well matched by a z ≈ 3.5 Sab template. This degeneracy is revealed in Figure 5 at B−R = 2 and R−I = 0.8. In other words, essentially only those galaxies which satisfy the color-color criteria could be confidently identified as z ∼ 4 galaxies. Therefore, in concordance with previous studies, we consider the selection region to be the most robust approach to efficiently identify a significant number of z ∼ 4 galaxies in our fields.
In each of the fields, we identified a number of objects with z phot ∼ 4 that lie outside our color-color criteria. The majority of these galaxies were fit with early type spectra, not starburst models. We have included several of these candidates in the spectroscopic program in part to fill the slit masks (as noted above) but also to test the color-color criteria. In turn, we will better define our selection function for galaxies at z ∼ 4. Preliminary results from Gawiser et al. (2001) indicate that with BRI photometry alone, the photometric redshifts of galaxies confirmed spectroscopically to be at 3.5 < z < 4.5 are quite accurate. However, a large number of low-redshift objects were aliased to high photometric redshifts due to color degeneracies between Lyman-break galaxies and low-redshift ellipticals (e.g. Steidel et al. 1999) . The increased fraction of interlopers among candidates selected primarily by photometric redshift confirms that the color selection region modified from Steidel et al. (1999) is the most efficient place to find LBGs.
The Damped Lyα Systems
Figures 7-9 present 20 ′′ × 20 ′′ BRI images centered on the quasar of each field. At z = 4, a 10 ′′ radius corresponds to 65 h −1 75 kpc (q 0 = 0.15, H 0 = 75h 75 km/s/Mpc) which we expect encompasses the center of the galaxy giving rise to the damped Lyα system. For BR0951−04, there is a marginal B drop-out (B − R = 1.7) ≈ 7 ′′ below (North) the quasar. Its photometric redshift is z phot = 3.7 and its impact parameter corresponds to ≈ 50h −1 75 kpc. Although this separation would imply a very large gas disk in order to explain the observed N (HI) of either damped system, it can not be ruled out as the galaxy responsible for the absorption. There are no other significant B drop-out candidates in this 20 ′′ circle. Examining the PSS0132+13 field, we note a marginal (B − R = 1.5) B drop-out object ≈ 7
′′ to the right (East) of PSS0132+13 with z phot = 3.6. Given the large separation and lower B − R value, it is even less likely that this galaxy gives rise to the damped Lyα system. In contrast to the PSS0132+13 and BR0951−04 fields, the region surrounding PSS1443+27 is notably blank. In fact, there are only three significant galaxies in the 20 ′′ × 20 ′′ area and only an additional 8 in a 30 ′′ × 30 ′′ box, none of which are B-band dropouts. The absence of candidates is somewhat striking given that this system has the highest metallicity of any known z > 3 damped Lyα system and might have been expected to exhibit an optical counterpart.
We have attempted to subtract the point-spread function (PSF) of the quasar to search for damped Lyα candidates underneath the PSF. We first used the software package (DAOPHOT) and IRAF routines to model the PSF of many bright stars throughout each field. We then focused on several stars close to the QSO to account for variations in the PSF across the field due to aberrations inherent to the LRIS imager. We then fit this PSF model to the quasar and subtracted it from the image. Unfortunately, owing to the segmented nature of the Keck telescope we found it too difficult to accurately model the PSF and had no success identifying objects underneath the PSF. Studies which take advantage of higher spatial resolution and a better behaved PSF (e.g. HST) are far more effective (e.g. Warren et al. 2001) . In summary, the only possible optical counterparts for the four damped Lyα systems down to I AB < 25.5 lie at impact parameter ≈ 7 ′′ from the sightline. This is a significant separation even without considering projection. We expect -if anything -that these galaxies are clustered with the damped Lyα system. If we assume that at least one of the galaxies giving rise to the damped Lyα systems does not lie beneath the PSF of the quasar (Warren et al. 2001 ), then we can place an upper limit to its luminosity based on the depth of our I images. At z = 4, Steidel et al. (1999) have fit a Schechter luminosity function to their sample of Lyman break galaxies and find L * LBG corresponds to I AB ≈ 25 mag. For the PSS0132+13 and PSS1443+27 fields, where no reasonable candidate was identified in the images, our 3σ limits in the I-band of 27.4 and 26.6 correspond to L < L * LBG /9 and L * LBG /4 respectively.
summary
We have presented an analysis of BRI images for three fields containing quasars with four known damped Lyα systems at z ∼ 4. The data was reduced with standard procedures and calibrated with Landolt standard stars taken close to the time of the observations. We measured BRI magnitudes for all of the objects in each field using isophotal apertures and measured B−R and R−I colors for those galaxies detected in the R-images. A rough number count 
